The temperature dependence of 35 C1 NQR frequencies and the phase transition behaviour of chloroacetanilides (N-[2,6-dichlorophenyl]-2-chloroacetamide, -2,2-dichloroacetamide, -2,2,2-trichloroacetamide) were investigated. The crystal structure determination of N-[2,6-dichlorophenyl]-2-chloroacetamide leads to the following: a = 1893. A bleaching out of several 35 C1 NQR lines at a temperature far below the melting point of the substances was observed. The different types of chlorine atoms (aromatic, chloromethyl) can be distinguished by their temperature coefficients of the 35 C1 NQR frequencies. All the resonances found show normal "Bayer" temperature behaviour.
Introduction
The first 35 C1 nuclear quadrupole resonance (NQR) studies on chloroacetanilides were done by Pies et al. [1] . The authors investigated the shift of the NQR frequencies of the aromatic chlorine atoms as function of the substitution of the phenyl ring with chloroacetamide groups. We became interested to study the bleaching out of 35 C1 NQR lines in chloroacetamides. Bleaching out (fading out) is often caused by reorientational motions. Well known examples for such reorientational motions are molecules with CC1 3 groups i.e. [2-3 a, b] . A bleaching out of CH 2 C1 or CHC1 2 groups is rarely observed. We want to study the influence of the substitution of the chloromethyl group on the onset of the bleaching out. For the CC1 3 group the manner: N-[2,6-dichlorophenyl]-2-chloroacetamide: DCPH2CL, N-[2,6-dichlorophenyl]-2,2-dichloroacetamide: DCPHCL2, and N-[2,6-dichlorophenyl]-2,2,2-trichloroacetamide: DCPCL3.
The NQR measurements were made using a DECCA superregenerative oscillator. The temperature was achieved by means of a heated nitrogen gas {T = 100-200 K), a methanol filled cryostat (T = 200-295 K), and a heated oil bath (T>295 K). For the measurement at 77 K the sample was immersed in liquid nitrogen. The temperature was measured with a copper-constantan thermocouple with an accuracy of ± 0.2 K. The samples were sealed into glass ampoules. The monochloromethyl and dichloromethyl samples have been melted to get a better filling of the ampoules. The accuracy of the measured NQR frequencies is about ± 5 kHz. The signal to noise ratio (S/N) of the 35 C1 NQR lines varied between 30 and 2. The lower value S/N ratio corresponds to the temperature near the bleaching out of the signals. The S/N ratio was measured using lock-in detection with a time constant of 10 sec.
The crystal structures were determined with aid of a 4 circle X-ray diffractometer, MoKa (71.069 pm) radiation, graphite monochromator (0 0 2). A list of the experimental parameters for the structure determinations and crystallographic data is given in Table 1 . All experiments were carried out at room temperature. The refinements were made by using the programs SHELX76 and SHELX86 [9, 10] . The calculation of the dihedral angles and of the best planes by least squares methods was made with aid of a home made program.
Results

Crystal Structures of N-[2,6-dichlorophenyl]~ 2-chloroacetamide (DCPH2CL)
and N- [ 2,6- 
dichlorophenylJ-2,2,2-trichloroacetamide (DCPCL3)
The structure determination of DCPH2CL leads to the noncentrosymmetric space group P2 1 2 1 2 1 =D 2 with 4 molecules per unit cell. The cell constants were determined to a = 1893.8 pm, 0 = 1110.7 pm, c = 472.1 pm. The structure was refined to a final R value of 4.3% (R w = 3.6%). The positions of the hydrogen atoms were determined using difference Fourier methods. The thermal parameters of these atoms were fixed. The molecules are connected by intermolecular hy- x, y, z; x, y + y, i -z; + x,j-y,z;
x,j + y,j-z x,y,z; x,±-y,± + z drogen bonds of the type N-H ••• O-C along the crystallographic c axis (Figure 1) . A projection of the crystal structure along the c axis is given in Figure 2 . The positions of the atoms and their equivalent isotropic thermal parameters are listed in Table 2 . The phenyl ring as well as the amide group have a nearly planar geometry. The best planes of the phenyl ring and the amide group are shown in fractional coordinates in Table 3 a, b. Some dihedral angles for the amide group have been calculated and are listed in Table 4 . Table 5 . The phenyl ring and the amide group show nearly planar conformation. The calculated best planes and the distances to these planes are referred in Table 6 a, b. The dihedral angles for the amide group are given (Table 4) . 
C/ NQR
The temperature variation of the 35 C1 NQR lines for DCPH2CL is shown in Figure 4 . The substance shows three 35 C1 resonances. The different temperature variation of the side chain chlorine atom (v 3 ) can easily be seen. The line v 3 bleaches out at a temperature (T b ) of 362 K (T m = 449 K) whereas the resonances of the aromatic atoms can be detected up to the melting point of the substance. The 35 C1 NQR frequencies were fitted using a polynomial corresponding to the Bayer theory. The coefficients are listed in Table 7 .
The second compound investigated is DCPHCL2. Four 35 C1 NQR frequencies were observed at room temperature for the material which was melted into the ampoule. After two days a new measurement shows new relative broad lines at different frequencies. Temperature dependent 35 C1 NQR studies of the instable high temperature phase were made ( Figure 5 ). The resulting points were fitted with the same polynomial as for the first compound ( Table 7) . The experiments show a discontinuity of the four frequencies at 281.7 K. The discontinuity is accompanied with a small hysteresis («3 K). The two higher frequencies v 3 and v 4 were assigned to the dichloromethyl group. Comparable frequencies of dichloroacetamide at 77 K are reported in the literature [11] . At a temperature 
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above the phase transition the two lower frequencies corresponding to the dichloroacetyl group are relatively broad. No temperature dependent measurements were made for these lines. The mean temperature coefficients of the frequencies below the phase Several trials to determine the crystal structure of the compound were made but did not lead to suitable results. The problems might be caused by the phase transitions of the material. The grown crystals seem to be twinned or bunched.
The third compound which was investigated is DCPCL3. The 35 C1 NQR spectrum of this compound is a quintet, which can be separated into lines belonging to the side chain and to the aromatic atoms, re- spectively, on the basis of the frequencies and the temperature coefficient of the lines ( Figure 6 ). The lines of the CC1 3 group (v 3 _ 5 ) show a strong temperature variation of -6.8 to -10.2 kHz/K (averaged over the whole observable temperature range). They bleach out at T b = l 59 K. The aromatic chlorine resonances show a mean temperature coefficient of -4.1 kHz/K. The points of the temperature dependent measurements were fitted by using the same polynomial as used for the other two compounds ( Table 7) . One of the trichloromethyl resonances has a smaller slope than the other two lines. The resonances of the aromatic chlorine atoms show no discontinuities or anomalies. They can be observed up to the melting point of the substance. The frequencies for all three compounds at 77 K and at room temperature (295 K) are listed in 
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Discussion
X-Ray Structures
The geometry of DCPH2CL and DCPCL3 can be compared with N-[2,6-dichlorophenyl]-acetamide (DCPH3) [12] . The chloroacetyl compound shows cell parameters similar to those of the high temperature phase (I) of the acetyl compound. Both compounds crystallize in the space group P2 1 Table 9 and 10. All bond lengths are equivalent within the sum of the e.s.d.'s ( Table 9 ). The difference of the endocyclic angles are smaller than the sum of the e.s.d.'s (Table 10 ). The angles observed for the side chain differ. This can be explained with the substitution of this group. The chlorine atom Cl <8,11 leads to a distortion of the amide function.
The bond lengths and bond angles found in DCPCL3 are comparable to the values found for the chloroacetyl and acetyl compound (Table 9, 10). The arrangement of the molecules within the unit cells of DCPCL3 and the low temperature phase of DCPH3 is similar. The different cell parameters result from the different volumes of the acetyl and trichloroacetyl group. Both structures contain zig-zag chains of molecules formed by the intermolecular hydrogen bond along the crystallographic c axis. The higher molecular volume of DCPCL3, in relation to DCPH3 (II) and the resulting repulsive interactions change the monoclinic angle (ß). 
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The thermal parameters of the trichloromethyl chlorine atoms show some interesting details. The parameters of Cl (8 ' 2) and Cl <8 ' 3) are large in comparison to the aromatic chlorine atoms Cl (2) and Cl (6) ( Table 5 ). The higher thermal motion of these chlorine atoms is caused by the reorientation of the CC1 3 group at room temperature. The behaviour of the chlorine atom Cl <8 -differs from that of Cl (8, 2) and q<8,3) y^g temperature factor of Cl (8, 1) is comparable to the values of the aromatic chlorine atoms. This result is in agreement with the different slopes of the temperature variation in the NQR experiments. On this basis the NQR line with the smallest slope (v 4 , Fig. 6 ) can be assigned to Cl (8, 1) .
The dihedral angle 0 (7) -C (7) -C (8) -Cl (8 'has been calculated to -11.2°. A comparable value of the angle was found for the DCPH2CL (0 (7) -C (7) -C (8) -Cl (8 --6.4°). The orientation of the CC1 3 group -relative to the carbonyl group -might be the reason of the different behaviour of the Cl (8, 1) NQR frequency.
The geometry of the phenyl ring of the trichloro-, chloro-, and acetyl compound shows some common aspects (Table 9, values than 120° (Table 10 ). The distortion of the angle C (6) -C (1) -C <2) can be explained by the repulsive interaction between the chlorine atoms Cl <2) , Cl <6) and the nitrogen atom N (1) . The geometries of the amide groups of DCPH2CL and DCPCL3 are comparable. The values within this group are quite similar. Different values of the angle C (7) -
were found. The differences are due to the substitution of the chloromethyl group. For the compound containing the monochloromethyl group, an angle of 112.3° was found compared to 109.9° (averaged) for the trichloromethyl compound. The angles
vary between -55.7° for the chloroacetyl and -66.0° for the trichloroacetyl compound. The distances C (8) -C (4) for the trichloro-, chloro-, and acetyl show small differences (648.7 pm (chloroacetyl), 649.6 pm (trichloroacetyl), 648.9 pm (acetyl low temp, phase), 648.5 pm (acetyl high temp, phase)). Nearly equivalent values of the C1 (2) -C1 (6) distances were found in all compounds.
The relatively high R value of 7.5% for the refinement can be understood by the strong thermal motion of the CC1 3 group. Resting intensities were found in the difference fourier synthesis near the positions of the atom Cl (8, 2) and Cl (8>3) . Most probably these electron densities are caused by anharmonic thermal motions of the chlorine atoms of the CC1 3 group. It was not possible to describe the rest densities by introducing additional atomic positions with a free occupancy factor.
Cl NQR and Differential Thermal Analysis
The 35 C1 NQR lines of DCPH2CL show different temperature variations. The frequency with a temperature coefficient of -14.5 kHz/K was assigned to the CH 2 C1 chlorine atom. This assignment is in agreement with the higher frequency of this line at 77 K.
The variation of the aromatic chlorine frequencies is -3.9 kHz/K, which is within the range normally observed for aromatic chlorine atoms. The frequencies at 77 K are similar to the values measured for the DCPH3 (acetyl compound: 35.866<v/MHz<36.019, T = 11 K [12] .
The appearance of a new 35 C1 NQR spectrum for DCPHCL2 after a period of some days is due to a phase transition. Pies et al. [1] did not observe any 35 C1 NQR signals, probably due to the phase transition and the relative broad lines for the stable room temperature phase. A further reason might be the fact that the authors used oscilloscope observation of the 35 C1 NQR spectra. The two higher frequencies of the spectrum (v 3 , v 4 , Fig. 5 ) can be assigned to the CHC1 2 chlorine atoms by comparison with the frequencies of dichloroacetamide (v^ 37.750 MHz, v 2 : 37.238 MHz, T = 77 K) [11] ). The lines show a very strong decrease of their frequencies of 1.9 MHz during the phase transition between the two high temperature phases. The aromatic chlorine atoms show smaller changes (%0.1 MHZ). The phase transition should be coupled with a strong change in the thermal motion of the dichloromethyl group. The changes of the side chain frequencies cannot be explained by using only the crystal field effect, which is the magnitude of about + 500 kHz for this kind of compounds [1] .
The existence of a phase transition was verified by differential thermal analysis (DTA). A sample of the substance was sealed into a glass ampoule and melted. After cooling down to room temperature within some minutes, the sample was examined. During the heating up of the substance an exothermic signal was detected at about 373 K. Enthalpy and transition temperature vary with the history of the sample. The variation of the transition is probably caused by partly decomposition of the compound. Transition points between 359 K and 380 K were observed. The transition enthalpies vary between -2.6 kJ/mole and
